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CROTOCIN, CygH,,Og (antibiotic T)'*2 igolated in Hungary from a new Oephalo-
sporium strein, named Cephalosporium crotocinigenum sp. nov.’ belongs to the
group of sesquiterpenoid-ester antibiotics, members of which are trichothe-
cin“, verrucarines and roridinoss, t;r:l.c:hode:mi.n6 and diacetoq—ecirpenol'?.
411 of them are active against a number of pathogenic fungl and inhibit in
low concentrations the growth of various cell types in tissue culture. Cro-
tooin IIIa »9 was found to be an ester of isocrotonic acid, simlilarly to tri-
chothecin I. The alcohol components of trichothecin and crotocin, trichothe-
colone II and crotocol IV respectively are isomeric but not identical. In the
following we are going to submit chemical and spectroscopic evidence in fa-
vour of the proposed structures III and IV for crotocin and crotocol.
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The IR spectra of the two esters I and III are very similar, crotocin how-
ever has no band at 1686 om™! and therefore contains noe( ./5 unsaturated keto
group. It also doces not form a 2:4-dinitrophenylhydrasone in contrary to tri-

chotheoine.

Crotocol, 01511200,‘. a rud:lly crystallizing substance, is a diepoxido aloohol
IV, mp. 158%, Mmax 2100 A (¢ =4830) in ethanol, /0/,%0 = <6,4° (¢ = 2,01 in
chloroform) which is formed upon mild alkaline hydrolysis of ecrotocin or
applying the method of Zemplén'l and on microbiological hydrolysisiZ2, X-rey
diffraction data obtained from crotocol crystals lead to an orthorombiec unit

cell. Results are consistent with the P212121 space grouplo.

Kuhn-Roth determinations showed that crotocol must posses three O-methyl
groupl. No methoxyl group was detected. It contains one active hydrogen (hy-
dronl group) and oonsequently gives readily am acetyl derivative, mp. 128° v.
The latter on hydrolysis with methanolic potassium hydroxyde gave crotocol.
The band at 1670 cm L in the IR spectrum of crotocol is attributed %o ethyl-
enic unsaturation of the type RH'> CaCHR". Crotocol produced OH ions even
at i-oom temperature with sodium thiosulphai:o in 50% ncetonolz’, a typical re-

action of epoxides.

Crotocol was readily hydrogenated at ordinary pressure and room temperature
with palladium=charcoel catalyst in methanol, one mol of hydrogen being ra-
pidly absorbed to give a crystalline mixture of dlhydroisocrotocol-=A VI and
dihydroisocrotocol=B VII respectively. During this procees a new hydroxyl
group =~ but no new methyl group (NMR) was formed in both products and the
reaction of epoxides disappeared. The olefinic double bond of crotocol was
retained and could be saturated only after 1-=2 hours. Reaction of crotocol
with LulH4 gave only compound B VII. By comparisom, the single epoxide ring
of trichotixecolone was not hydrogenolized scatalytically under similar con-
ditions, the ethylenic double bond being only saturateds ‘I'ritxhoclo:mo]:6 reacts
similarly to trichothecolones Furthermore, treatment of verrucarol with
I.fl.AlH4 gave a dihydroverrucarol contgining a tertiary methyl group more than
the starting materials .
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The enhanced reactivity of crotocol on catalytic hydrogenation can be explain-
ed by a sterically favourably sited diepoxide system, which is confirmed by
the Stuart-Briegleb stereomodsl of crotocol. S8imilar results are mentioned by
Agnello, Pinson jr. end Leubach!*. On catalytic hydrogenation of 8a (1a),
9 (11% )-diepoxido—6,22~ergostadien=3[3 =0l acetate over Lindlar catalyst at
ordinary pressure and room temperature one mol of Ha is absorbed. The result-
ing product, 18 6,8,z2~ergostatrien, 5ﬂ » 1104, l4otriol=3=acetate {.e. the
diepoxide system is split and two new hydroxyl groups are formed together
with & new olefinic double bond. Crotocol on catalytic hydrogenation over
Lindlar catalyst similarly took up one mol of hydrogen. The resulting mixture
conslsted of dihydroisocrotocol-A and B for which structures VI and VII are
now proposed and will be discussed later.

crotocol IV ¢+ 82 e

dihydroisocrotocol-A dihydroisocrotocol~B
vI VIl

Dihydroisocrotocol-A and B can be separated by thin layer chromatography. VI
gives an amorphous diacetate VIII, upon acetylation at room temperature in
pyridine-acetic anhydride. VI gives also a crystalline trityl ether IX, which
can also be obtalned on hydrogenation of crotocin, followed by tritylation
and alkaline hydrolysis. On oxydation with chromic anhydride, VI gave the
corresponding ketonio acid O;cHyg0; X. (mp. 178~181°) but was recovered un-
changed upon treatment with both aqueous HZSO,'_ and L:I.AlHq_.

These reactions indicate clearly the presence of a primary alcoholic function.

Dihydroisocrotocol B was recovered unchanged upon treatment with concentrated
HOl at room temperature but gave a crystalline monoacetate XI upon treatment
at 20° with scetic anhydride and pyridine indicating the presence of a
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tertiary hydroxyl=group which resists acetylation.

Crotocol is extremely sensitive toward acids; 0,02 FN-sulphuric acid or 0,5
N-acetic acid at room ten‘peutpro g:lvé isocrotocol A XII, mp. 227‘_’. contain=
ing three OH groups which upon acetylation at 20° gave a crystalline tri-
acetate XIII, melting at 122°, xII1 gives also & mono~trityl ether X1V,

IV + 11300 ——

XIIe R= R’ =« H=R" XIIY. Rx R' = R" = WC’HB XIV. R = R"= H; R' = Trityl

When crotocol and 5 % sodium hydroxide solution were bolled, & crystalline
material, lsocrotocol B XV, mp. 2}0°, was 1solated, which on acetylation at
20° gave a dlacetate XVI, mp. 158°, a tertiary hydroxyl group remaining free.

":‘ H
}

iv + OHe —
RO

"

OR
XVe Rz R = R" = H IVI.R’=H;R=R"=OOOGH5

In the following we will discuss the NMR spectra of crotocol and its deriv-
atives which provide strong evidence for the proposed structures IV, VI, VII
and XIV. The spectra were obtained at 60 and/or 100 MHz from (71;\(:13 solutions
containing TMS as internal reference and extensive use was made of the
double resonance 1:e<=hn;!.qu4s:l'5 for the correct assignment of chemical shifts
and the vdetection of small and unusual couplingse. The results are given in
Teble 1. Chemical shifts are in p.pems from TS, coupling constants (absolute
value) in Hs.

A first look at table no. 1 shows immediately some striking similarities
between the spectra of crotocol IV, trichodermol XVII and trichothecolons II,
Each compound has two tertiary methyl groups (& = 0,75 - 1.0) and a methyl
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group on a double bond (d = 147 = 1.99)3 The resonances for the protons at
0o 05. C, end 015 are essentially identical with respect to chemical shifts
and céupnng constants and are strone evidence for the presence of the
Cla-CB spoxide in ocrotocols

A major difference betno:i crotocol and trichothecolone is found in the re- ‘
sonance of the protons at 07. Ogs and 010. In fact, where the two protons at
07 in trichothecolone give an AB system with a typical geminal coupling con-
stant of IB = 17.4+ Hg, in orotocol we observe two vicinal protons at 07 and
Cg with & B, = 3,38, § Hy = 3/13 and 3, = 475 Hs. The chemical shifts and
coupling constents fit nicely with the observed resonances for two vicinal
protons on am epoxide ring in con.jugation with aJ electron systen (1,2~epoxy-
~3~butenone gives d ; = 3.0,8 5 = 3.32, Tgy = 5¢2 Hz'6/; Also the resonance
of H, in trichothecolone (§ = 6.49) 1s typical for a/3 proton in a cyclic
d,()-unsatunted carbonyl system - the analogous proton in carvone resonates
at § = 6.75'7 = whereas Hy, of crotocol is found at & = 5.70,

These facts together with the observation of an allylic coupling between HlO
and Hy (Jg_;o = 2¢4 Hz) and of a large long range coupling between Hy, and

B, (*3,.;; = 3. Hs) for which a rigorous sterical relstionship is required’®’
has led us to postulate the presence of a second epoxide ring in crotocol lo-
cated in ﬂ configuration on the C, = Gy carbon atomsy

The NMR spectra ‘allowed a straight forward interpretation of the transformat=-
ions incurred bj crotocol under the influence of acids, bases and reducing
agents. The products so obtained can be divided into two series, the iso—A
and iso-B derivatives,

The spectre clearly show that in all the derivatives the 012 - 013 epoxide
ring has been opened and a new tetrahydrofuran (1s0=A) or tetrahydropyran
ring (iso=-B) has been formed through mutual interaction of the two original
epoxides.

We observe in fact a paramagnetic shift for the 015 protons from ; = 248=3,2
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(II, IVe Vo XVII) %0 4 = 3.64 = = 4,01 in VI, VII, XI, XVI, and to § mhel=td3
in XXII,; In this transformation the original geminal coupling conatant J13_13.

= 35.75 = 4,0 Hx typical for opoxﬂ.doqls’lg decreases drastically to 'Tl}-l}' 4"'
= (=) 11,0 = 12 ,0 Hs & nermal value for a geminal coupling between two

magnetically non equivalent protons B—GHZ-O-R’ in a free group or a tetra-
hydropyren ringlgé A simlilar paramagnetic shift is also observed for the B,
resonance which goes from 5 = 3481 = 3,98 in II, IV, V. VI. XVII to $s 451 =
~ 4,45 in VII, X, XI, XIII and XVI, In sccordance to the proposed formulae we
also observe the following features: '

- in the dihydroiso-A and B series the Hg resonance at & = 3.13-3414 in IV
and V is lost and one finds instead two protons of a methylene group at
& = ,2.15-2..25 in VI and VII and their derivatives VIII and XI which show an
allylic coupling with Hyo* Jg.10 = 200=2.4 HEe By comparison, the resonance
for the Oy methylens group of trichodermol is found at § =20

« the acetylation of VII givee XI, a monoacetate in which the HlB and Hl}'
resonances have not been shifted; at & =l;63 one finds a slightly broadened
slgnal due to a tertiary hydroxyl group which disappears upon addition of
D0 to the chloroform solution

= isocrotocol A-triascetate XIII and isocrotocol B diacetate XVI show a si-
nilar behaviour as far as the cu nethylene resonance is concerned. XIII
exhibits the paramagnetic shift tod = 4¢l=4.3 whereas XVI does not (d =
= 3.66=3.97) but gives instead a broadened signal at & = 1.80 which dis-
appears upon addition of DZO. In both compounds we find a proton at (:8 in
the J = 567 and 5.18 region & clear indlcation that the newly introduced
oxygen function is a secondary alcohol which undergoes easily acetylation.

Bteriocal factors can be accounted for the difference in chemical shift bet-
ween the two resonances and are also responsible for thq small vicinal
coupling comstant between H7 and Hge

«~ during these trensformations the resonances of the 05 and G, protons are
practically unchanged if ome takes into account the nurmsl paramagnetic
shift for H, when going from the free alcohol to the esters in V, VIII, XI,
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XIIT end XVI. The ssme can be said of the coupling constants JM' J,_,. ’

‘Ta-s and J2_5, which remsin unaltered in all compounds;

- the paramagnetic shift of H, (Ags 0,3) upon opening of the epoxide ring at
012-013 is in good sgreement with the observed amisotropic effects or\thrco
membered ringnao.

A characteristic feature of the chemistry of trichothecolone and its derivat-
ives 1s the fact that the epoxide under certain circumstances is suaceptible
to intramolecular nucleocphilic attacks accompanied by skeletal rearransemnbé
Trichothecolone, verrucarol, trichodermol and thelr esters are rapidly attack=-
ed by strong acids with opening of the oxirane ring. During tlhis process the
protonated epoxide is attacked by the O atom of the middle ring (B) and a re~-
arrangement taekes place. In the case of crotocin or crotocol the oxirane ring
mentioned above is easier attacked by the O atom of the other epoxide (bet=-
ween 07 and 08) than by the O atom of the less reactive tetrahydropyran ring
(B)s According to this the following reaction takes place:

H
!
1
!

OH OH oH
with fomation of a new heterocyclic ring from the two epoxide groups.
On treatment of crotocol with boiling dilute sodium hydroxide solutiom, the
epoxide of ring A f's opened and an oxygen anion attacks the other epoxide
group /XV from I¥/«
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